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valve, such that the valve is selectively openable and 
closeable by displacement of the first member; and a 
second member having a plurality of ports formed there- 
through, at least one of the ports being selectable by the 
first member for flow of fluid therethrough, fluid flow 
through the selected one of the ports being regulatable 
by displacement of the first member relative to the sec- 
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Description 



The present invention relates generally to appara- 
tus utilized to control fluid flow in a subterranean well 
and. in an embodiment described herein, more particu- 
larly provides a choke for selectively regulating fluid flow 
into or out of a tubing string disposed within a well- 
In a subsea well completion it is common for the 
well to be produced without having a rig or production 
platform on site. In this situation, it is well known that 
any problems that occur with equipment or other as- 
pects of the completion may require a rig to be moved 
on site, in order to resolve the problem. Such operations 
are typically very expensive and should be avoided if 
possible. 

An item of equipment needed, particularly in subsea 
completions, is a flow control apparatus which is used 
to throttle or choke fluid flow into a production tubing 
string. The apparatus would be particularly useful where 
multiple zones are produced and it is desired to regulate 
the rate of fluid flow into the tubing string from each 
zone. Additionally, regulatory authorities may require 
that rates of production from each zone be reported, ne- 
cessitating the use of the apparatus or other methods 
of determining and/or controlling the rate of production 
from each zone. Safety concerns may also dtetate con- 
trolling the rate of production from each zone. 

Such an item of equipment would also be useful In 
single zone completions. For example, in a single well- 
bore producing from a single zone, an operator may de- 
termine that it'is desirable to reduce the flow rate from 
the zone into the wellbore to limit damage to the well, 
reduce water coning and/or enhance ultimate recovery. 

Downhole valves, such as sliding side doors, are 
designed for operation in a fully closed or fully open con- 
figuration and, thus, are not useful for variably regulating 
fluid flow therethrough. Downhole chokes typically are 
provided with a fixed orifice which cannot be closed. 
These are placed downhole to limit flow from a certain 
formation or wellbore. Unfortunately, conventional 
downhole valves and chokes are also limited in their . 
usefulness because inten^ention is required to change 
the fixed orifice or to open or close the valve. 

What is needed is a flow control apparatus which is 
rugged, reliable, and long-lived, so that it may be utilized 
in completions without requiring frequent service, repair 
or replacement. To compensate for changing condi- 
tions, the apparatus should be adjustable without requir- 
ing slickline, wireline or other operations which need a 
rig for their performance, or which require additional 
equipment to be installed in the well. The apparatus 
should be resistant to erosion, even when it is config- 
ured between its fully open and closed positions, and 
should be capable of accurately regulating fluid flow. Ad- 
ditionally, it would be desirable for the apparatus to in- 
clude features which permit its periodic recalibration. 
which permit use of redundant trim sets, and which per- 
mit selection from among multiple flow port sets in order 



to regulate in an extended range of flow conditions. 

Such a downhole variable choking device would al- 
low an operator to maximize reservoir production into 
the wellbore. It would be useful in surface, as well as 
5 subsea. completions, including any well where it is de- 
sired to control fluid flow, such as gas wells, oil wells, 
and water and chemical injection wells. In sum. in any 
downhole environment for controlling flow of fluids. 
It is accordingly an object of the present inventksn 
TO to provide such a flow control apparatus which permits 
variable downhole flow choking as well as the ability to 
shut off fluid flow, and associated methods of controlling 
fluid flow within a subterranean well. 

In carrying out the principles of the present inven- 
ts tion, in accordance with an embodiment thereof, an ap- 
paratus is provided which is a choke for use within a 
subterranean well. The described choke provides rug- 
gedness. simplicity, reliability, longevity, and redundan- 
cy in regulating fluid flow into or out of a tubing string 
20 within the well. 

In broad terms, a choke is provided which includes 
a tubular inner cage, an outer housing, a sleeve, a trim 
set formed on the cage and sleeve, and a valve. The 
sleeve is slidingly disposed about the cage within the 
25 housing. Manipulation of the sleeve by a conventional 
actuator causes the trim set to partially open, fully open, 
and close as desired. The spring biases the valve to- 
ward a position in which fluid flow is not permitted 
through the trim set. 
30 In another aspect of the present invention, the 
choke is provided with multiple trim sets, ihereby pro- 
viding selectivity and redundancy in use of the trim sets. 
The sleeve is displaced relative to the cage by the ac- 
tuator to use a first trim set. and is further displaced by 
35 the actuator to use a second trim set. Such displace- 
ment may be axial, circumferential, helical or otherwise. 

In yet another aspect of the present invention, a 
kx^king mechanism is provided in the choke for main- 
taining the valve in an open position. In the illustrated 
40 embodiment, displacement of the sleeve to open one of 
the trim sets causes the valve to open and locks the 
valve in the open position. In this manner, fluid flow 
through the trim set may be conveniently regulated while 
the valve permits relatively unobstructed fluid flow 
45 through a skJewall portton of the housing. 

In still another aspect of the present invention, the 
multiple trim sets are composed of spaced apart ports 
and openings formed on the cage and sleeve, respec- 
tively. A corresponding pair of the ports and openings 
so may be used by displacing the sleeve relative to the 
cage a first predetermined distance. Another corre- 
sponding pair of the ports and openings may be used 
by displacing the sleeve relative to the cage a second 
predetermined distance. 
55 The trim sets utilize a design whrch both impedes 
erosion and wear of the choke components, and permits 
commingling of fluids produced frctfn multiple zones of 
the well. Such commingling of fluids may be precisely 
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regulated by manipulation of the sleeve with the actua- 
tor. 

Reference is now made to the accompanying draw- 
ings, in which: 

5 

FIGS. 1 A-1 B are quarter-sectional views of succes- 
sive axial portions of an embodiment of a choke ac- 
cording to the present invention, the choke being 
shown In a configuration in which it is initially run 
into a subterranean well attached to an actuator and io 
interconnected in a production tubing string; 
FIGS. 2A-2B are quarter-sectional views of succes- 
sive axial portions of the choke of FIGS. 1 A-1 B. the 
choke being shown in a configuration in which a 
valve thereof has been locked open; is 
FIGS. 3A-3B are quarter-sectional views of succes- 
sive axial portions of the choke of FIGS. 1 A-1 B. the 
choke being shown in a configuration in which a first 
trim set thereof has been fully opened; 
FIGS. 4A-4B are quarter-sectional views of succes- 20 
sive axial portions of the choke of FIGS. 1 A-1 B, the 
choke being shown in a configuration in which a 
sleeve thereof is positioned between the first trim 
set and a second trim set; 

FIGS 5A-5B are quarter-sectional views of succes- 25 

sive axial portions of the choke of FIGS. 1 A-1 B. the 

choke being shown in a configuration in which the 

second trim set is partially open; 

FIG. 6 is a quarter-sectional view of a portion of the 

choke of FIGS. 1 A-1 B, showing a first alternate trim 30 

configuratkMi; 

FIG 7 is a quarter-sectional view of a portion of the 
choke of FIGS. 1 A-1 B. showing a second alternate 
trim configuration 

FIGS. 8A-8B are quarter-sectional views of succes- 3S 
sive axial portions of another embodiment of a 
choke according to the present invention, the choke 
being shown in a configuration in whk^h it is initially 
run into a subterranean well attached to an actuator 
and interconnected in a production tubing string; 40 
FIGS. 9A-9B are somewhat enlarged quarter-sec-. 
tk>nal views of successive axial portions of the 
choke of FIGS. 8A-8B, the choke being shown in a 
configuration in which a valve portion thereof is bi- 
ased closed; 4S 
FIGS. 10A-10B are somewhat enlarged quarter- 
sectbnal views of successive axial portions ofthe 
choke of FIGS. 8A-8B, the choke being shown in a 
configuration in whk:h a biasing force applied to the 
valve portion has been removed; and so 
FIGS. 11 A-1 IB are somewhat enlarged quarter- 
sectional views of successive axial portions ofthe 
choke of FIGS. 8A-8B. the choke being shown in a 
configuration in which the valve portion is locked 
open and a trim set of the choke is p>artially opened, ss 

Representatively illustrated in FIGS. 1A-1B is a 
choke 10 which emtxxJies principles of the present in- 



vention. In the following description of the choke 10 and 
other apparatus and methods described herein, direc- 
tional terms, such as "above", "below", "upper", "lower", 
etc., are used for convenience in referring to the accom- 
panying drawings. Although the choke 10 and other ap- 
paratus, etc., shown in the accompanying drawings are 
depicted in successive axial sections, it is to be under- 
stood that the sections form a continuous assembly. Ad- 
ditionally, it is to be understood that the various embod- 
iments of the present invention described herein may 
be utilized in various orientations, such as inclined, in- 
verted, horizontal, vertical, etc., without departing from 
the principles of the present invention. 

The choke 10 Is threadedly and sealingly attached 
to an actuator 12, a lower portion of which is shown in 
FIG. 1 A. In a manner which will be more fully described 
hereinbelow, the actuator 12 is used to operate the 
choke 10. The actuator 12 may be hydraulically, electri- 
cally, mechanically, magnetically or otherwise controlled 
without departing from the principles of the present in- 
vention. The representatively illustrated actuator 12 
may be a SCRAMS I GV hydraulically controlled actuator 
manufactured by, and available from, PES, Incorporat- 
ed of The Woodlands, Texas. The actuator 1 2 may be 
sealingly and structurally attached to the choke 10 in a 
manner similar to the manner in which the actuator and 
choke are attached in the copending appticatbn incor- 
porated by reference herein having attorney docket 
number 970331 Ul USA. The actuator 12 includes an 
inner tubular mandrel 14 whk:h is axially displaceable 
relative to the choke 10 by appropriate hydraulic pres- 
sure applied to the actuator 12 via control lines (not 
shown) extending to the earth's surface. 

In a method of using the choke 10, the choke and 
actuator 1 2 are positioned within a subterranean well as 
part of a production tubing string 18 extending to the 
earth's surface. As representatively illustrated in FIGS. 
1A-1B, flukJ (indicated by arrows 20) may flow axially 
through the choke 1 0 and actuator 1 2, and to the earth's 
surface via the tubing string 18. The fluid 20 may, for 
example, be produced from a zone of the well bek>w the 
choke 1 0. In that case, an additk>nal portion of the tubing 
string 18 including a packer (not shown) would be at- 
tached in a conventional manner to a lower adaptor 22 
of the choke 1 0 and set in the well in order to isolate the 
zone bek>w the choke from other zones of the well, such 
as a zone in fluid communication with an area 24 sur- 
rounding the choke. 

In a manner more fully described hereinbelow, the 
choke 10 enables accurate regulatk^n of fluid flow be- 
tween the external area 24 and an internal axial fluid 
passage 26 extending through the choke. In another 
method of using the choke 10, multiple chokes may be 
installed in the tubing string 1 8, with each of the chokes 
corresponding to a respective one of multiple zones in- 
tersected by the well, and with the zones being isolated 
from each other external to the tubing string. Thus, the 
choke 10 also enables accurate regulation of a rate of 
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fluid flow from each of the multiple zones, with the fluids 
being commingled in the tubing string 18. 

It is to be understood that, although the tubing string 
18 Is representatively illustrated in the accompanying 
drawings with fluid 20 entering the lower adaptor 22 and 
flowing upwardly through the fluid passage 26, the lower 
adaptor 22 may actually be closed off or othenwise iso- 
lated from such fluid flow in a conventional manner, such 
as by attaching a bull plug thereto, or the fluid 20 may 
be flowed downwardly through the fluid passage 26, for 
example, in order to inject the fluid into a formation in- 
tersected by the well, without departing from the princi- 
ples of the present invention. For convenience and clar- 
ity of description, the choke 10 and associated tubing 
string 18 will be described hereinbelow as it may be 
used in a method of producing fluids from multiple zones 
of the well, the fluids being commingled within the tubing 
string, and it being expressly understood that the choke 
10 may be used in other methods without departing from 
the principles of the present invention. 

An external housing 16 of the choke 10 is thread- 
edly and sealingly attached to the actuator 12, with the 
inner mandrel 14 extending downwardly thereinto. The 
housing 1 6 may be attached to the actuator 1 2 in a man- 
ner similar to that described in the incorporated copend- 
ing application. For example, the mandrel 14 may be 
axially slidlngty and sealingly received in an upper con- 
nector (not shown) which, in turn, is sealingly and 
threadedly attached to the housing 16. 

To operate the choke 10, the mandrel 14 is axially 
displaced relative to the housing 16, in order to axially 
displace an inner axially extending and generally tubular 
sleeve 54 relative to an inner generally tubular and co- 
axially disposed cage 30 of the choke. The cage 30 is 
secured within the housing 16, with the cage being 
threadedly attached to a stop ring 32, which is sealingly 
received in an internal bore 34 of the housing. The stop 
ring 32 is axially retained between an internal shoulder 
36 of the housing 16 and the lower adaptor 22, which is 
threadedly and sealingly attached to the housing. Thus, 
the cage 30 is prevented from axially displacing relative 
to the housing 16. 

The housing 1 6 includes a series of circumferential- 
ly spaced apart apertures 38, only one of which is visible 
in FIG. IB. The apertures 38 are formed through the 
housing 1 6 and thereby provide fluid communication be- 
tween the area 24 external to the choke 10 and the in- 
terior of the housing. A valve 40 within the housing 16 
includes an axially slidingly disposed sleeve 42 and a 
circumferential seat 44 formed internally on the housing. 

The valve 40 is shown in a closed position in FIG. 
1 B, with the sleeve 42 sealingly engaging the seat 44. 
A circumferential seal 46 carried on the sleeve 42 seal- 
ingly engages the housing 16. With the valve 40 in its 
closed position, the seal 46. sleeve 42 and seat 44 co- 
operate to prevent fluid flow through the apertures 38. 

The valve 40 is biased downwardly toward its 
closed position by a biasing member 48. The biasing 



member 48 is representatively illustrated as a compres- 
sion spring, but it is to be understood that other biasing 
members, such as resilient members, spring washers, 
etc., may be used without departing from the principles 
5 of the present invention. The spring 48 is axially com- 
pressed between a stop ring 50 internally threadedly in- 
stalled within the housing 16 and a generally tubular 
transfer sleeve 52 installed axially between the spring 
and the valve sleeve 42. Preferably, such axial compres- 
10 sion of the spring 48 provides an initial preload, trans- 
ferred from the spring to the valve sleeve 42 by the trans- 
fer sleeve 52, in order to provide sufficient axial force for 
the valve sleeve to adequately sealingly engage the 
seat 44. 

15 As representatively illustrated, the valve sleeve 42 
and seat 44 form a metal -to-metal seal, but it is to be 
understood that other sealing arrangements, such as a 
sealing arrangement utilizing an elastomeric seal, etc, 
may be used without departing from the principles of the 
20 present invention. The applicant prefers a metal-to-met- 
ai seal for its resistance to erosion, environmental con- 
ditions, etc. Preferably, the sealing surfaces of the valve 
sleeve 42 and seat 44 are formed of hardened metal or 
carbide for erosion resistance, although other materials 
25 may be utilized without departing from the principles of 
the present invention. 

The generally tubular trim sleeve 54 is threadedly 
attached to the actuator mandrel 1 4 and extends down- 
wardly therefrom. The trim sleeve 54 is coaxially dis- 
30 posed about the cage 30 and is closely slidingly fitted 
relative thereto. Such close radial fit between ihe tiim 
sleeve 54 and the cage 30 is used to discourage or sub- 
stantially obstruct fluid flow radially therebetween. Alter- 
natively, one or more seals may be carried on either or 
35 both of the trim sleeve 54 and the cage 30 if it is desired 
to completely eliminate flukl flow radially between the 
sleeve and cage. 

In an important aspect of the present invention, the 
trim sleeve 54 and the cage 30 cooperate to form one 
40 or more trim sets 56, 58. As used herein, the term trim 
set" is used to refer to an element or combination of el- 
ements which perfomn the function of throttling, choking 
or othenwise regulating fluid flow therethrough. In the il- 
lustrated embodiment of the invention, the upper trim 
45 set 56 includes a circumferentially spaced apart series 
of openings 60 fomned through a sidewall portion of the 
trim sleeve 54, and a series of circumferentially spaced 
apart comparatively small flow ports 62 and a series of 
circumferentially spaced apart comparatively large flow 
so ports 64 formed through a sidewall portion of the cage 
30. 

It will be readily appreciated by one of ordinary skill 
in the art that, with the trim sleeve 54 positioned relative 
to the cage 30 as representatively illustrated in FIGS. 
55 1 A-1 B. flukl flow through the trim sets 56, 58 is substan- 
tially obstructed. The trim sleeve 54 blocks flow radially 
through the ports 62. 64, 68. 70. and the cage 30 blocks 
flow radially through the openings 60. 66. However, note 
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that fluid may flow axially from a port 62. 64, 68. 70 to 
an opening 60, 66 by flowing radially between the cage 
and sleeve, but that such flow would be severely restrict- 
ed due to the close radial fit between the sleeve and 
cage. In any event, in the configuration of the choke 10 s 
shown in FIGS. 1 A-1 B, flow through the trim sets 56, 58 
is prevented by the valve 40, which is in its closed po- 
sition as described above. 

The openings 60 are axially aligned with the open- 
ings 66, and the openings 60, 66 are axialiy aligned with 
respective ones of the ports 62, 64, 68. 70. It will be read- 
ily appreciated that if the trim sleeve 54 is displaced ax- 
ially upward relative to the cage 30 by. for example, ac- 
tuating the actuator 1 2 to upwardly displace the actuator 
mandrel 14, eventually one of the openings 66 will be 
radially aligned with one of the ports 68, thereby permit- 
ting unobstructed fluid flow therethrough. Of course, the 
trim sleeve 54 may be axially positioned to variably ob- 
struct fluid flow through the port 68 by variably aligning 
one of the openings 66 with one of the ports 68, thereby 
regulating such fluid flow. Thus, this choking of fluid flow 
through the ports 68. and other ports as described more 
fully herein, is infinitely variable. 

Preferably, a radially opposing pair of the ports 68 
are aligned with a radially opposing pair of the openings 
66 when fluid flow is permitted therethrough, in order to 
limit erosive effects on the cage 30 and trim sleeve 54 
caused by such fluid flow. In addition, it is preferred that 
the openings 66 have an inwardly extending flow deflec- 
tion lip 72 fomied on a peripheral edge thereof, in order 
to further limit erosive effects. The lip 72 may be similar 
in some respects to that provided on a commercially 
available Master Fk5 Trim manufactured by, and availa- 
ble from, Master Flo of Ontario, Canada. 

The foregoing description of the manner of regulat- 
ing fluid flow through the openings 66 and ports 68 ap- 
plies substantially similariy to the openings 66 and ports 
70, except that, as representatively illustrated in FIGS. 
1 A-1 B, an alternate pair of the openings 66 is utilized to 
regulate fluid flow through a pair of the ports 70. Also 
note that, when the trim sleeve 54 is displaced axially 
upward relative to the cage 30 sufficiently far for the lips 
72 to begin crossing the ports 70, the ports 68 will be 
fully open to unobstructed fluid flow therethrough. 

The ports 68 are comparatively smaller than the 
ports 70 to give an Initial, relatively fine, regulated flow 
therethrough, white the ports 70 are comparatively large 
to give a broad range of regulated flow therethrough. 
However, it is to be understood that other configurations 
of the ports 68, 70 may be utilized without departing from 
the principles of the present invention, for example, 
each of the trim sets 56, 58 may include only a single 
pair of ports instead of two pairs. Additionally, the ports 
62, 64 may be identical to the ports 68, 70. respectively, 
or they may be differently configured. For example, the 
ports 62, 64 may be larger than the ports 68, 70, in order 
to provide an even larger range of regulated flow there- 
through. Thus, the flow ports 62. 64. 68, 70 may be oth- 



erwise dimensioned, otherwise positioned, otherwise 
dimensioned with respect to each other, and otherwise 
positioned with respect to each other, without departing 
from the principles of the present invention. 

It will be readily apparent that, if the trim sleeve 54 
is further displaced axially upward relative to the cage 
30, the openings 66 will no longer be aligned fully or 
partially with the ports 68, 70. However, continued up- 
ward displacement of the trim sleeve 54 will eventually 
cause the openings 60 to be variably aligned with, and 
thereby variably regulate fluid flow through, the ports 62. 
64 in a manner similar to that described atx>ve for the 
lower trim set 58. 

Thus, the upper trim set 56 may be used as a back- 
up or reserve, in case of damage to the lower trim set 
58. or vice versa. Alternatively, one of the trim sets 56. 
58 may be used to periodically recalibrate the other one 
of the trim sets in a manner similar to that described in 
the incorporated copending patent application. There- 
fore, the trim sets 56, 58 may provide redundancy in the 
choke 10, or may otherwise increase the functionality of 
the choke. The provision of the separate valve 40 pre- 
vents erosion induced by regulation of flow through the 
trim sets 56, 58 from affecting the ability of the choke 10 
to be closed to fluid flow through the apertures 38. 

A series of circumferentially spaced apart and axi- 
ally extending recesses 74 (only one of which is visible 
in FIG. IB) are formed externally on the trim sleeve 54. 
The recesses 74 permit relatively unobstructed fluid 
communication between the trim sets 56. 58 and the ap- 
ertures 38 when the valve 40 is in its open configuration 
(see FIGS. 2A-2B). A radially reduced external portion 
76 of the trim sleeve 54 underiies a series of circumfer- 
entially spaced apart lugs 78 (only one of which is visible 
in FIG. 1B)- The lugs 78 are installed radially slidingly 
through the valve sleeve 42. In a manner that will be 
more fully described hereinbelow, the lugs 78 will axially 
contact an inclined shoulder 80 externally formed on the 
trim sleeve 54 when the trim sleeve is displaced axially 
upward, thereby causing the lugs and the valve sleeve 
42 to displace axially upward with the trim sleeve against 
the biasing force of the spring 48. 

Referring additionally now to FIGS. 2A-2B. the 
choke 1 0 Is representatively illustrated in a configuration 
in which the trim sleeve 54 has been axially upwardly 
displaced somewhat by actuating the actuator 12 to up- 
wardly displace the actuator mandrel 14 relative to the 
housing 16. The shoulder 80 on the trim sleeve 54 has 
axially contacted the lugs 78, thereby causing the valve 
sleeve 42 and lugs to be axially upwardly displaced rel* 
ative to the housing 1 6 as well. The lugs 78 have radially 
outwardly displaced into engagement with a radially en- 
larged circumferential recess 82 intemally formed on the 
housing 16, due to the contact between the inclined 
shoulder 80 and the lugs. 

With the lugs 78 engaged with the recess 82, the 
trim sleeve 54 is permitted to further displace axially up- 
ward relative to the lugs. Thus, as shown In FIGS. 2A- 
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2B, the trim sleeve 54 is now axiaily slidingly disposed 
within the lugs 78. Engagement of the lugs 78 with the 
recess 82 does, however, prevent axial displacement of 
the valve sleeve 42, which is now locked in its axial po- 
sition wherein the valve sleeve does not sealingly con- 5 
tact the seat 44. Therefore, fluid may flow from the ex- 
ternal area 24 through the apertures 38 and into the in- 
terior of the housing 16. Other locking devices, such as 
collets, snap rings, etc., may be used In place of the lugs 
78 without departing from the principles of the present 
invention. 

Note that, although a very small rate of fluid flow 
may be permitted from the apertures 38 to the fluid pas- 
sage 26, such flow is substantially obstructed by the 
overlaying relationship of the trim sleeve 54 with the ^5 
cage 30, in that neither of the openings 60, 66 is even 
partially aligned with any of the ports 62, 64, 68, 70. 
Thus, FIGS. 2A-2B illustrate the choke 10 in a configu- 
ration In which the valve 40 Is open, but neither of the 
trim sets 56, 58 is open. 

The sleeve 54 may be displaced to this position by 
the actuator mandrel 1 4, by a shifting tool engaged with 
a shifting profile formed internally on the sleeve or ac- 
tuator mandrel, or by any other suitable method without 
departing from the principles of the present invention. In 2S 
addition, the sleeve 54 may be locked in a desired po- 
sition by utilizing one or more releasable locking devic- 
es. A suitable shifting profile and locking device are de- 
scribed in our European patent application no. filed on 
20 July 1998 and entitled "Flow Control Apparatus For 30 
Use In Subterranean Wells and Associated Methods". 

Referring additionally now to FIGS. 3A-3B, the 
choke 10 is representatively illustrated with the sleeve 
54 further axiatty upwardly displaced relative to the cage 
30. Note that the valve 40 remains locked open, with the 3S 
lugs 78 engaged with the recess 82. The openings 66 
are radially aligned with the ports 68, 70, thereby per- 
mitting unobstructed flow through the lower trim set 58. 
Fluid (indicated by arrows 84) may now flow unobstruct- 
ed from the area 24, inwardly through the apertures 38, 40 
- into the recesses 74, inwardly through the openings 66. . 
and inwardly through the ports 68. 70 into the fluid pas- 
sage 26. where it may commingle with the fluid 20. 

It will be readily apparent to a person of ordinary 
skill in the art that, with suitable modification, e.g. . inter- ^ 
changing the cage 30 and sleeve 54, the cage 30 may 
instead be displaced by the rr^ndrel 14 relative to the 
sleeve 54, to permit variably restricted fluid communi- 
cation between the area 24 and the fluid passage 26. 
Alternatively, both the cage 30 and sleeve 54 could be so 
displaced relative to the housing 16 and to each other 
No matter the manner in which relative displacement oc- 
curs between the cage 30 and sleeve 54, such relative 
displacement permits variable choking of fluid flow 
through the flow ports 68, 70 and displacement relative ss 
to the housing 16 permits seating engagement at the 
seat 44 when desired. 

Preferably, the openings 66, and ports 68, 70 are 



aligned with the apertures 38 in the fully open configu- 
ration of the choke 10 and, furthermore, it is preferred 
that the ports 68, 70, openings 66 and apertures 38 are 
similarly sized in order to minimize resistance to flow 
therethrough, reduce friction losses and minimize ero- 
sion of the choke 10. However, it is to be clearly under- 
stood that it is not necessary in keeping with the princi- 
ples of the present invention for the ports 68, 70, open- 
ings 66 and apertures 38 to be directly aligned with each 
other, nor for the ports 68, 70, or any combinatran of 
them to be identical in size, shape or number with the 
openings 66 and/or apertures 38. If the ports 68, 70 and 
openings 66 are not aligned with the apertures 38 in the 
fully open conflguration of the choke 10, then preferably 
a sufficiently large annular space is provided between 
the exterior of the sleeve 54 and the interior of the hous- 
ing 16 or sleeve 42 so that fluid flow therebetween has 
minimum resistance. 

Although FIG. 3B representatively illustrates the 
cage 30 and sleeve 54 positioned so that the ports 68, 
70 and openings 66 are directly aligned with corre- 
sponding ones of the apertures 38. it is to be clearly un- 
derstood that such direct alignment is not necessary in 
operation of the choke 10. However, to achieve such di- 
rect alignment of the ports 68, 70 and openings 66 with 
the apertures 38, the cage 30, sleeve 54 and/or mandrel 
14 may be rotationally secured to the housing 16 in a 
manner which prevents misalignment between the 
ports, openings and apertures. For example, a radially 
outwardly extending projection or key may be provided 
on the cage 30 and/or sleeve 54 and cooperatively slkJ- 
ingly engaged with a groove or keyway formed internally 
on the housing 16 , etc., to thereby prevent relative cir- 
cumferential displacement between the cage and hous- 
ing. 

Preferably, the ports 68 are diametrk^ally opposed 
to each other and the ports 70 are diametrically opposed 
to each other. It is believed that the diametrically oppo- 
site orientation of the ports 68, 70 acts to reduce erosion 
of the cage 30, in that inwardly directed fluid 84 flowing 
through one of two diametrrcally opposing ports will in- 
terfere with the fluid flowing inwardly through the other 
port, thereby causing the fluid velocity to decrease and, 
accordingly, cause the fluid's kinetic energy to decrease. 
Thus, the impinging fluid flows in the center of the cage 
30 dissipates the fluid energy onto itself and reduces 
erosion by containing turbulence and throttling wear 
within the cage. 

Additionally, it is preferred that each of the flow port 
sets 62, 64, 68, 70 includes individual ports of equal size 
provkjed in pairs, as shown in the accompanying draw- 
ings, or greater numbers, as long as the geometry of the 
ports is arranged so that impingement results between 
fluid flowing through the ports, and so that such impinge- 
ment occurs at or near the center of the cage 30 and 
away from the ports and other flow controlling elements 
of the choke 10. As an example of alternate preferred 
arrangements of the flow port set 70, three ports of equal 
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size and geometry could be provided, spaced around 
the circumference of the cage 30 at 1 20 degrees apart 
from each other, or four ports of equal size and geometry 
could be provided, spaced around the circumference of 
the cage at 90 degrees apart from each other, etc. 

it is a particular benefit of the embodiment of the 
invention described herein that portions thereof may 
erode during normal use. without affecting the ability of 
the choke 10 to be closed to fluid flow therethrough. For 
example, the lips 72, the flow port sets 62, 64. 68. 70 
and the interior of the cage 30. etc.. may erode without 
damaging the seat 44 or seal 46. Thus, where it is im- 
portant for safety purposes to ensure the fluid tight seal- 
ing integrity of the wellbore, the choke 10 preserves its 
ability to shut off fluid flow therethrough even where its 
fluid choking elements have been degraded. 

It will be readily appreciated that If the trim sleeve 
54 were somewhat downwardly displaced relative to the 
cage 30, fluid flow through the lower trim set 58 would 
be partially obstructed due to partial overlapping of the 
trim sleeve across the ports 70 and/or ports 68. In this 
manner, the flow rate of the fluid 84 through the k>wer 
trim set 58 may be conveniently regulated. Note that 
such regulation of the fluid flow through the lower trim 
set 58 is accomplished without affecting the configura- 
tion of the valve 40. the lugs 78 remaining engaged with 
the recess 82. However, it will also be readily appreci- 
ated that if the trim sleeve 54 is displaced axial ly down- 
ward sufficiently far for the radially reduced portion 76 
to underlie the lugs 78, the lugs will then be permitted 
to radially inwardly retract, and the spring 48 will force 
the valve sleeve 42 axially downward to the ctosed po- 
sition of the valve 40. 

Fluid flow rennains substantially obstructed through 
the upper trim set 56. Thus, by displacing the trim sleeve 
54 relative to the cage 30 as shown in FIGS. 3A-3B, the 
lower trim set 58 has been selected for flukJ flow there- 
through, while the upper trim set 56 is substantially un- 
used. In this manner, the lower trim set 58 may be used 
for an initial period of time, for example, until the lower 
- trim set becomes significantly eroded or otherwise un- - 
usable, and then the upper trim set 56 may be selected 
for use as described more fully hereinbelow. Alternative- 
ly, the lower trim set 58 may be used during certain flow 
conditk>ns, such as an initial completion, and the upper 
trim set 56 may be used for other flow conditions, for 
example, where the produced fluid 84 changes over the 
life of the well. 

It is a particular benefit of the present invention that 
the fluids 20, 84 may be commingled within the fluid pas- 
sage 26, and the rate of flow of each may be accurately 
regulated utilizing one or more of the chokes 10 as de- 
scribed hereinabove. For example, another choke, sim- 
ilar to the illustrated choke 10, may be installed below 
the choke 10 to regulate the rate of flow of the flukJ 20. 
while the choke 10 regulates the rate of flow of the fluki 
84. Alternatively, where the choke 10 Is used in an In- 
jectk^n operation, the choke may be utilized to regulate 



the rate of fluid flow outward through the apertures 38. 
and. alone or in combination with additional chokes, 
may be utilized to accurately regulate fluid flow rates into 
multiple zones in a well. Of course, the choke 10 may 
s be useful in single zone completions to regulate fluid 
flow into or out of the zone. 

It will be readily apparent to one of ordinary skill in 
the art that the relative proportions of the fluids 20, 84 
produced through the tubing string 18 may be conven- 
iently regulated by selectively permitting greater or 
smaller fluid flow rates through the upper or lower trim 
sets 56, 58. 

Referring additionally now to FIGS. 4A-4B, the 
choke 10 is representatively illustrated in an intermedi- 
ate conflgu ration in which the trim sleeve 54 has been 
further upwardly displaced relative to the cage 30, and 
both of the trim sets 56, 58 are substantially closed to 
fluid flow therethrough. The openings 60, 66 are axially 
between the ports 62. 64 and the ports 68, 70. In this 
configuration, the choke 10 is in transition between use 
of the lower trim set 58 and use of the upper trim set 56. 
Note that the valve 40 remains open. 

Referring additionally now to FIGS. 5A-5B, the 
choke 10 is representatively illustrated in a configuration 
in which the trim sleeve 54 has been further upwardly 
displaced relative to the cage 30. thereby selecting the 
upper trim set 56 for fluid flow therethrough. Note that 
the openings 60 are not fully aligned with the ports 64, 
and that the ports 64 are, thus, partially obstructed. The 
lip 72 is deflecting the fluid 84 flowing therethrough. In 
order to reduce erosion of the trim sleeve 54 and cage 
30. 

The illustrated embodiment of the invention has 
been described hereinabove in which the trim sleeve 54 
is axially displaced relative to the cage 30 in order to 
open a trim set or to select from among multiple trim sets 
56, 58. It will be readily apparent to one of ordinary skill 
in the art that the trim sleeve 54 may also be circumfer- 
entially displaced relative to the cage 30 in order to ac- 
complish similar results. For example, referring again to 
FIGS. 3A-3B, if the trim sleeve 54 is rotated about the 
cage 30, one or both of the ports 68, 70 can be partially 
or completely obstructed by the trim sleeve, thereby reg- 
ulating fluid flow through the lower trim set 58. Alterna- 
tively, if only one radially opposing pair of the openings 
66 is fomied through the trim sleeve 54, the ports 68 
may be selected for fluid flow therethrough by rotating 
the trim sleeve to one radial position, and the ports 70 
nnay be selected by rotating the trim sleeve to another 
radial position. As yet another alternative, instead of the 
trim sets 56, 58 being axially aligned, their respective 
openings 60, 66 and ports 62, 64, 68. 70 may be nona- 
ligned, so that on e trim set is selected for fluid flow there- 
through when the trim sleeve 54 is in one range of radial 
positions relative to the cage 30. and the other trim set 
is selected when the trim sleeve is in another range of 
radial positions. As still another alternative, the trim sets 
56. 58 may be helically distributed on the trim sleeve 54 
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and/or cage 30, so that helical displacement of the trim 
sleeve relative to the cage accomplishes the selection 
from among the trim sets. Thus, any manner of displac- 
ing the trim sleeve 54 relative to the cage 30 in order to 
open a trim set or to select from among multiple trim sets 
56, 58 may be utilized without departing from the prin- 
ciples of the present invention. 

As indicated hereinabove, the openings 60, 66 and 
ports 82. 64. 68, 70 may be differently configured, dif- 
ferently arranged, certain ones of them may be eliminat- 
ed, etc., without departing from the principles of the 
present invention. Referring additionally now to FIG. 6, 
an alternate configuration of the trim sleeve 54 and cage 
30 is representatively illustrated, apart from the remain- 
der of the choke 10. Only an axial portion of the trim 
sleeve 54 and cage 30 is shown in FIG. 6, it being un- 
derstood that the remainder of the trim sleeve and cage, 
and the remainder of the choke 10 is similar to that 
shown in FIGS. 1 A-5B and described hereinabove. 

A trim set 86 formed on the trim sleeve 54 and cage 
30 includes a series of circumferentiatly spaced apart 
generally rectangular-shaped openings 88 formed 
through a sidewall portion of the trim sleeve, and a pair 
of radially opposing comparatively large flow ports 90 
(only one of which is partially visible in FIG. 6) and two 
axially spaced apart pairs of radially opposing compar- 
atively small flow ports 92 (only one of each pair being 
visible in FIG. 6) formed through a sidewall portion of 
the cage. Each of the openings 88 has an axially oppos- 
ing pair of inwardly extending flow deflection tips 94 
formed on a peripheral edge thereof. 

It will be readily appreciated that if the trim sleeve 
54 Is axially downwardly displaced relative to the cage 
30, eventually the openings 88 will align fully or partially 
with the ports 90, 92. Initially, a pair of the lower lips 94 
will variably traverse the upper pair of the ports 92, 
thereby providing a relatively fine regulation of fluid flow 
through the trim set 86. Subsequently, both pairs of low- 
er lips 94 will variably traverse the pair of ports 90, there- 
by providing a relatively coarse regulation of fluid flow 
- through the trim set 86. If the trim sleeve 54 continues 
to displace axially downward relative to the cage 30, the 
pair of lower lips 94 will eventually traverse the lower 
pair of ports 92, and a pair of the upper lips 94 will begin 
to traverse the upper pair of ports 92. Further downward 
displacement of the trim sleeve 54 relative to the cage 
30 will cause the upper lips 94 to gradually traverse the 
ports 90, again providing a coarse regulation, and then 
the upper lips 94 will traverse the lower pair of ports 92. 
thereby again providing a relatively fine regulation of flu- 
id flow through the trim set 86. 

Thus, the openings 88 and ports 90, 92 may be con- 
figured to provide different rates of flow regulation, and 
those different rates of flow regulation may be achieved 
by displacement of the trim sleeve 54 in different direc- 
tions relative to the cage 30. The configuration shown 
in FIG. 6 may be useful to provide an initial relatively 
fine regulafion, an intermediate relatively coarse regu- 



lation and a relatively fine final regulation, in this man- 
ner, fine regulation may be provided as the trim set 86 
is being opened, coarse regulation may be provided 
while relatively unobstructed flow is permitted through 
5 the trim set. and fine regulation may be provided as the 
trim set is being closed. Note that if the trim sleeve 54 
is to be circumferentially or helically displaced relative 
to the cage 30 as described hereinabove, the lips 94 
may be formed on lateral peripheral edges of the open- 
10 ings 88 and the ports 90, 92 may be positioned circum- 
ferentially between the openings. 

Alternatively, the flow deflection lip may be formed 
on the entire peripheral edge of an opening. Referring 
additionally now to FIG. 7, another alternate configura- 
is tion of the trim sleeve 54 and cage 30 is representatively 
illustrated, apart from the renriainder of the choke 10. 
Only an axial portion of the trim sleeve 54 and cage 30 
is shown in FIG. 7, it being understood that the remain- 
der of the trim sleeve and cage, and the remainder of 
20 the choke 1 0 is similar to that shown in FIGS. 1 A-5B and 
described hereinabove. 

Openings 96 are formed through a sidewall portion 
of the trim sleeve 54. The openings 96 are circumferen- 
fially spaced apart and are generally circular. A flow de- 
25 flection lip 98 extends radially inwardly from the periph- 
ery of each of the openings 96. The function of a trim 
set 1 00, which includes the openings 96 and a series of 
ports 102, 104 fornied through a sidewall portion of the 
cage 30, is similar to that of the trim set 86 described 
30 above, with some exceptions. The trim sleeve 54 is dis- 
placed upward relative to the cage 30, either axially, hel- 
ically or otherwise, in order to open the trim set 100 for 
regulated flow therethrough. Additionally, it does not 
matter which portions of the openings' 96 peripheral 
35 edges traverse the ports 102, 104, since the lips 98 are 
formed on the entire extent of the edges and the edges 
are circular. 

Thus has been described the choke 1 0 and meth- 
ods of controlling fluid flow within the well using the 

40 choke, which provide redundancy, reliability, rugged- 
ness, longevity, and do not require complex mecha- 
nisms. Of course, modifications, substitutions, addi- 
tions, deletions, etc. . may be made to the exemplary em- 
Ixxliment described herein, which changes would be 

45 obvious to one of ordinary skill in the art, and such 
changes are contemplated by the principles of the 
present invention. For example, the actuator mandrel 1 4 
may be releasably attached to the trim sleeve 54, so 
that, if the actuator 12 becomes inoperative, the trim 

50 sleeve 54 may be displaced independently from the 
mandrel. As another example, the trim sleeve 54 may 
be displaced circumferentially, rather than axially. in or- 
der to selectively open multiple trim sets, such as trim 
sets positioned radially about the cage 30, rather than 

55 being positioned axially relative to the cage. According- 
ly, the foregoing detailed description is to be clearly un- 
derstood as being given by way of illustration and ex- 
ample only, the spirit and scope of the present invention 
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being limited solely by the appended clainrts. 

Referring additionally now to FIGS. 8A-8B, another 
choke 110 embodying principles of the present invention 
is representatively Illustrated in successive axial sec- 
tions. The choke 110 is threadedly and sealingly at- 5 
tached to an actuator 1 1 2, a lower portion of which is 
shown in FIG. 8A. In a manner which will be more fully 
described hereinbek^w. the actuator 112 is used to op- 
erate the choke 110. The actuator 112 may be hydrau- 
lically, electrically, mechanically, magnetically or other- 
wise controlled without departing from the principles of 
the present invention. The representatively illustrated 
actuator 112 may be the SCRAMS ICV hydraulically 
controlled actuator referred to above. The actuator 112 
may be sealingly and structurally attached to the choke 
1 10 in a manner similar to the manner in which the ac- 
tuator and choke are attached in the copending appli- 
cation incorporated by reference herein having attorney 
docket number 970331 Ul USA. The actuator 112 in- 
cludes an inner tubular mandrel 114 which is axially dls- 
placeable relative to the choke 110 by appropriate hy- 
draulk: pressure applied to the actuator 112 via control 
lines (not shown) extending to the earth's surface. 

In a method of using the choke 110, the choke and 
actuator 112 are positioned within a subterranean well 
as part of a production tubing string 118 extending to the 
earth's surface. As representatively Illustrated in FIGS. 
8A-8B, flukJ (indicated by arrows 120) may flow axially 
through the choke 110 and actuator 112, and to the 
earth's surface via the tubing string 118. The fluid 120 
may, for example, be produced from a zone of the well 
below the choke 110. In that case, an additional portion 
of the tubing string 118 including a packer (not shown) 
may be attached in a conventional manner to a lower 
adaptor 1 22 of the choke 1 1 0 and set in the well in order 
to isolate the zone bek)w the choke from other zones of 
the well, such as a zone in fluid communication with an 
area 124 surrounding the choke. 

In a manner more fully described hereinbelow, the 
choke 110 enables accurate regulation of fluid flow be- 
tween the external area 124 and an intemal axial fluid, 
passage 126 extending through the choke. In another 
method of using the choke 110, multiple chokes may be 
installed in the tubing string 118, with each of the chokes 
corresponding to a respective one of multiple zones in- 
tersected by the well, and with the zones being isolated 
from each other external to the tubing string. Thus, the 
choke 110 also enables accurate regulation of a rate of 
fluid flow from each of the multiple zones, with the fluids 
being commingled in the tubing string 118. 

It is to be understood that, although the tubing string 
118 is representatively illustrated in the accompanying 
drawings with fluid 1 20 entering the lower adaptor 1 22 
and flowing upwardly through the fluid passage 1 26. the 
lower adaptor 122 may actually be ck>sed off or other- 
wise isolated from such fluid flow in a conventional man- 
ner, such as by attaching a bull plug thereto, or the fluid 
120 may be flowed downwardly through the flukj pas- 



sage 1 26, for example, in order to inject the fluid into a 
formation intersected by the well, without departing from 
the principles of the present invention. For convenience 
and clarity of description, the choke 110 and associated 
tubing string 1 1 8 will be described hereinbelow as it may 
be used in a method of producing fluids from multiple 
zones of the well, the fluids being commingled within the 
tubing string, and it being expressly understood that the 
choke 110 may be used in other methods without de- 
parting from the principles of the present invention. 

An external housing assembly 1 1 6 of the choke 110 
is threadedly and sealingly attached to the actuator 112. 
with the Inner mandrel 114 extending downwardly there- 
into. The housing assembly 116 may be attached to the 
actuator 1 1 2 in a manner similar to that described in the 
incorporated copending application. For example, the 
mandrel 114 may be axially slldingty and sealingly re- 
ceived in an upper connector 108 which, in turn. Is seal- 
ingly and threadedly attached to the housing assembly 
116. 

Referring additionally now to FIGS. 9A-9B. the 
choke 110 Is representatively Illustrated in a somewhat 
enlarged scale for enhanced clarity of description. In 
FIGS. 9A-9B it may be clearly seen that, to operate the 
choke 110, the mandrel 114 is axially displaced relative 
to the housing assembly 1 1 6. in order to axially displace 
an inner axially extending and generally tubular trim 
sleeve 1 28 relative to an inner generally tubular and co- 
axially disposed cage 1 30 of the choke. The cage 1 30 
is secured within the housing assembly 116, with the 
cage having a radially enlarged portion 1 32 formed ther- 
eon, which is sealingly received in an Intemal bore 134 
of the housing assembly. The radially enlarged portion 
1 32 Is axially retained between an internal shoulder 1 36 
of the housing assembly 116 and the lower adaptor 1 22, 
which Is threadedly and sealingly attached to the hous- 
ing assembly. Thus, the cage 1 30 is prevented from ax- 
ially displacing relative to the housing assembly 116. 

The housing assembly 1 1 6 includes a series of cir- 
cumferential ly spaced apart apertures 1 38, only one of 
which is visible in FIG. 9B. The apertures 1 38 are formed 
through the housing assembly 116 and thereby provide 
fluid communication between the area 124 external to 
the choke 110 and the interior of the housing assembly. 
A valve 140 within the housing assembly 116 includes 
an axially slldingly disposed sleeve 142 and a circum- 
ferential seat 144 formed intemally on the housing as- 
sembly. 

The valve 140 is shown in a closed positbn in FIG. 
98, with the sleeve 1 42 sealingly engaging the seat 1 44. 
A circumferential seal or packing 146 carried intemally 
on the housing assembly 116 sealingly engages the 
sleeve 1 42. With the valve 1 40 in its closed position, the 
seal 146, sleeve 142 and seat 144 cooperate to prevent 
fluid flow through the apertures 1 38. 

The valve 140 is biased toward its closed position 
by a biasing device 1 48. The biasing device 1 48 Is rep- 
resentatively Illustrated as a stack of spring washers or 
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belleville springs, but it is to be understood that other 
biasing devices, such as resilient members, compres- 
sion springs, etc., may be used without departing from 
the principles of the present invention. The device 148 
is axially compressed between an annular ring 150 in- 
ternally installed within the housing assembly 116 and 
an upper tubular portion 152 of the valve sleeve 142. 
Preferably, such axial compression of the device 148 
provides an Initial preload, transferred from the device 
to the valve sleeve portion 1 52. in order to provide suf- 
ficient axial force for the valve sleeve 1 42 to adequately 
sealingly engage the seat 1 44. 

As representatively illustrated, the valve sleeve 1 42 
has a very hard material, such as steliite 106 applied to 
a lower face thereof for sealing engagement with the 
seat 144, but it is to be understood that other sealing 
arrangements, such as a sealing arrangement utilizing 
an elastomeric or other resilient seal, another type of 
metal-to-metal seal, etc, . may be used without departing 
from the principles of the present invention. The appli- 
cant prefers a metal-to-metal seal for its resistance to 
erosion, environmental conditions, etc. Preferably, the 
sealing surfaces of the valve sleeve 142 and seat 144 
are formed of hardened metal or carbide, or have a ma- 
terial such as the steliite 106 applied thereto, for erosion 
resistance, although other materials may be utilized 
without departing from the principles of the present in- 
vention. 

In particular, the sleeve 142 and seat 144 may be 
configured in some respects similarto the spherical flap- 
per sealing arrangement found in the WellStarCDand SP- 
1 ™ safety valves manufactured by, and available from, 
Halliburton Energy Services of Duncan, Oklahoma. Re- 
gardless of the type and configuration of sealing en- 
gagement between the sleeve 142 and seat 144, it is 
preferred that the effective diameter of such sealing en- 
gagement is equal to the diameter at which the seal 146 
sealingly engages the sleeve, so that the sleeve is pres- 
sure balanced when the valve 140 is in its closed posi- 
tion as shown in FIG. 9B. However, it is to be clearly 
understood that it is not necessary for the valve sleeve 
142 to be pressure balanced in accordance with the 
principles of the present invention. 

The generally tubular trim sleeve 128 is threadedly 
attached to the actuator mandrel 114 and extends down- 
wardly therefrom. The trim sleeve 128 is coaxially dis- 
posed about the cage 1 30 and is closely slidingly fitted 
relative thereto. Such close radial fit between the trim 
sleeve 128 and the cage 130 is used to discourage or 
substantially obstruct fluid flow radially therebetween. 
Altematively, one or more seals may be carried on either 
or both of the trim sleeve 1 28 and the cage 1 30 if it is 
desired to completely eliminate fluid flow radially be- 
tween the sleeve and cage. 

In an important aspect of the present invention, the 
trim sleeve 128 and the cage 130 ccqserate to form a 
trim set 156. As used herein, the term "trim set" is used 
to refer to an element or combination of elements which 



perform the function of throttling, choking or otherwise 
regulating fluid flow therethrough- In the illustrated em- 
bodiment of the invention, the trim set 156 includes a 
series of circumferentially spaced apart comparatively 

5 small flow ports 162 and a series of circumferentially 
spaced apart comparatively large flow ports 1 64 formed 
through a sidewall portion of the cage 1 30. Alternatively, 
or additionally, the trim sleeve 128 may include open- 
ings, such as openings 60, 66 of the choke 1 0 described 

10 above, and the choke 110 may include multiple trim sets, 
without departing from the principles of the present in- 
vention. 

it will be readily appreciated by one of ordinary skill 
in the art that, with the trim sleeve 1 28 positloned/elative 

15 to the cage 130 as representatively illustrated in FIGS. 
9A-9B, fluid flow through the trim set 1 56 is substantially 
obstructed. The trim sleeve 128 blocks flow radially 
through the ports 1 62, 1 64. However, note that fluid may 
flow axially from a port 62, 64 by flowing radially between 

20 the cage 1 30 and sleeve 1 28, but that such flow would 
be severely restricted due to the close radial fit between 
the sleeve and cage. In any event, in the configuration 
of the choke 110 shown in FIGS. 9A-9B, flow through 
the trim set 156 is prevented by the valve 140, which is 

25 in its closed position as described above. 

It will be readily appreciated that if the trim sleeve 
1 28 is displaced axially upward relative to the cage 130 
by, for example, actuating the actuator 112 to upwardly 
displace the actuator mandrel 114, eventually the ports 

3o 162. 164 will be uncovered by the sleeve 128, thereby 
permitting unobstructed fluid flow therethrough. Of 
course, the trim sleeve 128 may be axially positioned to 
variably obstruct fluid flow through the ports 1 62, 1 64 by 
variably axially positioning the sleeve 1 28 relative to the 

35 cage 130, thereby regulating such fluid flow. Thus, this 
choking of fluid flow through the ports 162. 164 as de- 
scribed more fully herein, is infinitely variable. 

Preferably, a radially opposing pair of each of the 
ports 162, 164 is provided, in order to limit erosive ef- 

40 facts on the cage 1 30 and trim sleeve 1 28 caused by 
flukJ flow therethrough, in addltkxi, it Is preferred that 
the trim sleeve 128 have an outwardly extending flow 
deflection tip 1 72 formed on a lower end thereof, in order 
to further limit erosive effects. The lip 1 72 may be similar 

45 in some respects to that provided on the Master Flo Trim 
referred to alx>ve. 

The ports 1 62 are comparatively smaller than the 
ports 164 to give an initial, relatively fine, regulated flow 
therethrough, while the ports 164 are comparatively 

50 large to give a broad range of regulated flow there- 
through. However, it Is to be understood that other con- 
figurations of the ports 162, 164 may be utilized without 
departing from the principles of the present invention, 
for example, the trim set 1 56 may include only a single 

55 pair of ports Instead of two pairs. Additionally, the ports 
162, 164 may be Identical, or they may be differently 
configured. Thus, each of the flow ports 162, 164 may 
be otherwise dimensioned, otherwise positioned, other- 
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wise dimensioned with respect to each other, and oth- 
erwise positioned with respect to each other, without de- 
parting from the principles of the present invention. 

A radially reduced external portion 1 76 of the trim 
sleeve 128 underlies a series of circumferentially 
spaced apart lugs 178 (only one of which is visible in 
FIG. 9A). The lugs 178 are installed radially slidingly 
through the upper portion 152 of the valve sleeve 142. 
In a manner that will be more fully described hereinbe- 
low, the lugs 1 78 will axially contact an inclined shoulder 
180 externally formed on the trim sleeve 128 when the 
trim sleeve is displaced axially upward, thereby causing 
the lugs and the valve sleeve 142 to displace axially up- 
ward with the trim sleeve. 

Referring additionally now to FIGS. 10A-10B, the 
choke 110 is representatively illustrated in a configura- 
tion in which the trim sleeve 128 has been axially up- 
wardly displaced somewhat by actuating the actuator 
112 to upwardly displace the actuator mandrel 114 rel- 
ative to the housing assembly 116. The shoulder 180 on 
the trim sleeve 128 has axially contacted the lugs 178, 
thereby enabling the valve sleeve 142 and lugs to be 
axially upwardly displaced relative to the housing as- 
sembly 1 1 6 as well. 

Additionally, a series of circumferentially spaced 
apart lugs 158 (only one of which is visible in FIG. 10A), 
which are radially slidingly installed through the ring 1 50, 
are now permitted to radially inwardly displace toward 
the radially reduced portion 176 of the trim sleeve 128. 
Prior to such upward displacement of the trim sleeve 
1 28, the lugs 1 58 were radially outwardly retained by a 
radially enlarged portion 160 formed on the actuator 
mandrel 114 (see FIG. 9A), The lugs 158 resisted the 
axiat biasing force exerted by the biasing device 148 by 
axial contact with an inclined shoulder 1 54 formed inter- 
nally on the housing assembly 116. However, with the 
trim sleeve 128 positioned as shown in FIGS. 10A-10B, 
the lugs 158 now axially contact both the shoulder 154 
and an inclined shoulder 166 formed externally on the 
actuator mandrel 114. It will be readily appreciated that 
" if the trim sleeve 128 is further axially upwardly dis- . 
placed relative to the housing assembly 116, the lugs 
158 will further radially inwardly displace, until they are 
disposed radially between the radially reduced portion 
1 76 of the trim sleeve and an axial t>ore 1 68 formed with- 
in the housing assembly 116 (see FIG. 11 A). In this man- 
ner, the valve sleeve 142 is permitted to displace axially 
upward with the trim sleeve 128, while the biasing force 
of the biasing device 148 is resisted by axial contact be- 
tween the lugs 158 and the shoulder 166. and by axial 
contact between the lugs 178 and the shoulder 180. 

Further axially upward displacement of the trim 
sleeve 128 relative to the housing assembly 116 will 
cause the valve 1 40 to open, since the valve sleeve 1 42 
will no longer sealingly engage the valve seat 144. In 
that case, fluid may flow from the external area 124 
through the apertures 138 and into the interior of the 
housing assembly 116. Other locking devices may be 



used to cause the valve sleeve 1 42 to displace with the 
trim sleeve 1 28 and/or to retain the biasing device 1 48 
during displacement of the valve sleeve, for example, 
collets, snap rings, etc.. may be used in place of the lugs 

s 158, 178 without departing from the principles of the 
present invention. 

Note that, although a very small rate of fluid flow 
may be permitted from the apertures 1 38 to the fluid pas- 
sage 126 when the valve 140 has initially opened, but 

'0 before any of the ports 162. 164 have been partially or 
fully uncovered by the trim sleeve 128, such flow is sub- 
stantially obstructed by the overiaying relationship of the 
trim sleeve with the cage 1 30. 

The trim sleeve 128 may be displaced to the posi- 

^5 tion shown in FIGS. 10A-10B by the actuator mandrel 
114, by a shifting tool engaged with a shifting profile 
formed internally on the sleeve or actuator mandrel, or 
by any other suitable method without departing from the 
principles of the present invention. In addition, the 

20 sleeve 1 28 may be locked in a desired position by uti- 
lizing one or more releasable locking devices. A suitable 
shifting profile and locking device are described in our 
copending European patent applicatk>n referred to 
above. 

25 Referring additionally now to FIGS. 11A-11B. the 
choke 110 is representatively illustrated with the trim 
sleeve 1 28 further axially upwardly displaced relative to 
the cage 1 30. Note that the valve 140 is locked in a fully 
open position, with the lugs 178 radially outwardly en- 

30 gaged with a radially enlarged circumferential recess 
182 formed Internally on the housing assembly 116. 
With the lugs 178 thus disengaged from the shoulder 
180, the valve sleeve 142 no longer displaces upward 
with the trim sleeve 1 28. Additionally, note that the lugs 

3S 156 have further radially inwardly displaced within the 
bore 168. Thus, the lugs 158 remain engaged with the 
shoukler 166 (see FIG. 10A) and further axially upward 
displacement of the trim sleeve 1 28 relative to the hous- 
ing assembly 116 will permit the biasing device 148 to 

^ axially expand. 

The ports 162 are now fully uncovered by the trim 
sleeve 128, and the ports 164 are partially uncovered 
by the trim sleeve. Fluid (indicated by arrows 184) may 
now flow from the area 124, inwardly through the aper- 

45 tures 138, and inwardly through the ports 162, 164 into 
the fluid passage 1 26, where it may commingle with the 
fluid 120. The trim sleeve 1 28 may be further axially up- 
wardly displaced to fully uncover the ports 164, and may 
be variably positioned with respect to the ports 1 62, 1 64 

50 to variably regulate fluid flow therethrough. 

Preferably, the actuator 112 is of the type which 
does not displace the trim sleeve 128 upward or down- 
ward unless specifically actuated to do so, that is. the 
trim sleeve Is not biased upwardly or downwardly by the 

55 mandrel 1 14 or other member until such bias is specifi- 
cally desired. In this manner, the choke 110 is not of a 
•normally closed" or 'normally open" type, and failure of 
the actuator 112 will not affect the position of the trim 
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sleeve 1 28 relative to the cage 1 30 or the position of the 
valve sleeve 142 relative to the seat 144. Note, also, 
that the biasing device 148 only biases the valve 140 
toward its closed position when the trim sleeve 128 has 
been sufficiently downwardly displaced to substantially 
prevent fluid flow through the ports 162, 164, and that 
the biasing device only biases the trim sleeve upwardly 
after the lugs 178 have retracted into the radially re- 
duced portion 176, after the trim sleeve has been suffi- 
ciently downwardly displaced to substantially prevent 
fluid flow through the ports 1 62, 1 64, and before the lugs 
158 are radially outwardly supported by the radially en- 
larged portion 160. However, it is to be clearly under- 
stood that other actuators may be utilized with the choke 
110 and the trim sleeve 128 may be otherwise biased, 
for example, to configure the choke as normally closed 
or normally open, without departing from the principles 
of the present invention. 

It will be appreciated that the choke 1 1 0 may be re- 
turned to its configuration shown in FIGS. 10A-10B or 
FIGS, 9A-9B by merely downwardly displacing the trim 
sleeve 1 28 relative to the housing assembly 116 utilizing 
the actuator 112. Such downward displacement of the 
trim sleeve 128 would permit the lugs 178 to again ra- 
dially inwardly retract into engagement with the radially 
reduced portion 176 and to contact the shoulder 180. 
thereby permitting the valve sleeve 142 to downwardly 
displace with the trim sleeve. Sufficient downward dis- 
placement of the trim sleeve 1 28 would also permit seal- 
ing engagement of the valve sleeve 1 42 with the seat 
144, and such sealing engagement would be enhanced 
by the biasing force of the biasing device 148. 

Note that the biasing devk:e 1 48 is compressed by 
downward displacement of the trim sleeve 128 before 
the lugs 178 radially inwardly displace into the radially 
reduced portion 176. Additional downward displace- 
ment of the trim sleeve 128 will pemiit the lugs 158 to 
radially outwardly extend into engagement with the re- 
cess 182, with the radially enlarged portion 160 radially 
outwardly supporting the lugs 158. thereby locking the 
- valve 140 in its closed position. 

It will be readily apparent to a person of ordinary 
skill in the art that, with suitable modification, e.g., inter- 
changing the cage 130 and sleeve 128. the cage may 
instead be displaced by the mandrel 114 relative to the 
sleeve, to permit variably restricted fluid communication 
between the area 124 and the flukl passage 126. Alter- 
natively, both the cage 1 30 and sleeve 128 could be dis- 
placed relative to the housing assembly 116 and to each 
other. No matter the manner in which relative displace- 
ment occurs between the cage 130 and sleeve 128, 
such relative displacement permits variable choking of 
fluid flow through the flow ports 162, 164 and displace- 
ment relative to the housing assembly 1 1 6 permits seal- 
ing engagement at the seat 144 when desired. 

Preferably, each of the ports 1 62, 1 64 is aligned with 
one of the apertures 1 38 and. furthermore, it Is preferred 
that the combined flow areas of the ports 162, 164 and 



the combined flow areas of the apertures 138 are simi- 
lariy sized in order to minimize resistance to flow there- 
through, reduce friction losses and minimize erosion of 
the choke 110. However, it is to be clearly understood 
s that it Is not necessary in keeping with the principles of 
the present invention for the ports 162, 164 and aper- 
tures 138 to be directly aligned with each other, nor for 
the ports 162, 164, or any combination of them to be 
identical in size, shape or number with the apertures 
10 138. If the ports 162, 164 are not aligned with the aper- 
tures 138 in the fully open configuration of the choke 
110, then preferably a sufficiently large annular space 
is provided between the exterior of the cage 1 30 and the 
interior of the housing assembly 116 so that fluid flow 
IS therebetween has minimum resistance. 

Although FIG. 11 B representatively illustrates the 
cage 130 positioned so that the ports 162, 164 are di- 
rectly aligned with corresponding ones of the apertures 
138 (the depicted port 164 being aligned with an aper- 
ture 138 disposed 90 degrees from the depicted aper- 
ture 138). it is to be clearly understood that such direct 
alignment is not necessary in operation of the choke 
110. However, to achieve such direct alignment of the 
ports 162, 164 with the apertures 138. the cage 130, 
sleeve 128 and/or mandrel 114 may be rotationaily se- 
cured relative to the housing assembly 116 in a manner 
which prevents misalignment between the ports and ap- 
ertures. For example, a radially outwardly extending 
projection or key may be provided on the cage 1 30 and/ 
or sleeve 128 and cooperatively slidingly engaged with 
a groove or keyway formed internally on the housing as- 
sembly 116, etc., to thereby prevent relative circumfer- 
ential displacement between the cage and housing as- 
sembly. 

Preferably, the ports 162 are diametrically opposed 
to each other and the ports 164 are diametrically op- 
posed to each other It is believed that the diametrically 
opposite orientation of the ports 162, 164 acts to reduce 
erosion of the cage 1 30, in that inwardly directed f lukj 
184 flowing through one of two diametrically opposing 
ports will intertere with the fluid flowing inwardly through 
the other port, thereby causing the fluid velocity to de- 
crease and, accordingly, cause the fluid's kinetic energy 
to decrease. Thus, the impingement of fluid flows in the 
center of the cage 130 dissipates the fluid energy onto 
itself and reduces erosion by containing turbulence and 
throttling wear within the cage. 

Additionally, it Is preferred that each of the flow port 
sets 162. 164 includes individual ports of equal size pro- 
vided in pairs, or greater numbers, as long as the ge- 
ometry of the ports is arranged so that impingement re- 
sults between fluid flowing through the ports, and so that 
such impingement occurs at or near the center of the 
cage 1 30 and away from the ports and other flow con- 
trolling elements of the choke 110. As an example of 
alternate preferred arrangements of the flow port set 
164, three ports of equal size and geometry could be 
provided, spaced around the circumference of the cage 
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1 30 at 1 20 degrees apart from each other, or four ports 
of equal size and geometry could be provided, spaced 
around the circumference of the cage at 90 degrees 
apart from each other, etc. 

It is a particular benefit of the embodiment of the 
invention described herein that portions thereof may 
erode during normal use, without affecting the ability of 
the choke 110 to be closed to fluid flow therethrough. 
For example, the lip 172. the flow port sets 162, 164, 
and the interior of the cage 1 30, etc., may erode without 
damaging the seat 1 44. seal 146. or material 106. if any. 
Thus, where it is important for safety purposes to ensure 
the fluid tight sealing integrity of the wellbore, the choke 
110 preserves its ability to shut off fluid flow there- 
through even where its fluid choking elements have 
been degraded. 

It wilt be readily appreciated that if the trim sleeve 
128 is displaced relative to the cage 130. fluid flow 
through the trim set 156 may be partially or wholly ob- 
structed due to partial or complete overtapping of the 
trim sleeve across the ports 1 62 and/or ports 1 64. In th is 
manner, the flow rate of the fluid 184 through the trim 
set 1 56 may be conveniently regulated. Note that such 
regulation of the fluid flow through the trim set 156 is 
accomplished without affecting the configuration of the 
valve 1 40, the lugs 1 78 remaining engaged with the re- 
cess 182. However. It will also be readily appreciated 
that if the trim sleeve 1 28 is displaced axially downward 
sufficiently far for the radially reduced portion 1 76 to un- 
deriie the lugs 178, the lugs will then be permitted to 
radially inwardly retract, and the valve sleeve 142 will 
displace axially downward with the trim sleeve to the 
closed position of the valve 140. 

It is a particular benefit of the present invention that 
the fluids 120, 184 may be commingled within the flukJ 
passage 126, and the rate of flow of each may be accu- 
rately regulated utilizing one or nnore of the chokes 110 
as described hereinabove. For example, another choke, 
similar to the illustrated choke 110, may be installed be- 
low the choke 1 1 0 to regulate the rate of flow of the fluid 
- 120. while the choke 110 regulates the rate of flow of . 
the fluki 1 84. Alternatively, where the choke 1 1 0 Is used 
in an injection operation, the choke may be utilized to 
regulate the rate of fluid flow outward through the aper- 
tures 1 38, and, atone or in combinatton with additional 
chokes, may be utilized to accurately regulate fluid flow 
rates into multiple zones in a well. It will, therefore, be 
readily apparent to one of ordinary skill in the art that 
the relative proportions of the fluids 120. 184 produced 
through the tubing string 118 in the case of a multiple 
zone completion may be conveniently regulated by se- 
lectively permitting greater or smaller fluid flow rates 
through the trim set 1 56. Of course, the choke 1 1 0 would 
also be useful in single zone completions to regulate flu- 
id flow into or out of the single zone. 

As representatively illustrated in FIG. 11B. the lip 
172 is deflecting the flukJ 184 flowing through the ports 
164, in order to reduce eroskDn of the trim sleeve 128 



and cage 130. It will be readily apparent to one of ordi- 
nary skill in the art that the trim sleeve 1 28 may be pro- 
vided with otherwise oriented flow deflection lips and 
may alsobecircumferentially or otherwise displaced rel- 

5 ative to the cage 1 30 in order to accomplish similar re- 
sults. For example, if the trim sleeve 1 28 is provided with 
openings, such as the openings 60, 66 of the previously 
described choke 1 0, and the trim sleeve is rotated about 
the cage 130, one or both of the ports 162, 164 can be 

10 partially or completely obstructed by the trim sleeve, 
thereby regulating fluid flow through the trim set 156. 
These and other alternative arrangements of the trim 
sleeve 128. flow deflection lip 172. ports 162, 164. and 
any openings formed through the trim sleeve may be 

IS utilized without departing from the principles of the 
present invention. Thus, any manner of displacing the 
trim sleeve 1 28 relative to the cage 1 30 in order to open 
a trim set 1 56 or to select from among multiple trim sets 
may be used in keeping with the principles of the present 

20 invention. 

Thus has been described the choke 110 and meth- 
ods of controlling fluid flow within the well using the 
choke, which provide reliability, ruggedness, longevity, 
and do not require complex mechanisms. Of course. 

25 modifications, substitutions, additions, deletions, etc., 
may be made to the exemplary embodiment described 
herein, whrch changes would be obvious to one of ordi- 
nary skill in the art. and such changes are contemplated 
by the principles of the present invention. For example, 

^0 and as indicated hereinabove, the ports 162, 164 and 
apertures 1 38 may be differently conflgured, differently 
arranged, certain ones of them may be eliminated, etc., 
without departing from the principles of the present in- 
vention. In additton, the actuator mandrel 114 may be 

3S re leasably attached to the trim sleeve 1 28, so that, if the 
actuator 112 becomes inoperative, the trim sleeve 128 
may be displaced independently from the mandrel. As 
another example, the trim sleeve 1 28 may be displaced 
circumferentially, rather than axially. in order to selec- 

40 lively open multiple trim sets, such as trim sets posi- 
tioned radially about the cage 1 30. rather than being po- 
sitioned axially relative to the cage. Accordingly, the 
foregoing detailed description is to be clearly under- 
stood as being given by way of illustration and example 

^ only. It will be appreciated that the invention may be 
modified within the scope of the appended claims. 



Claims 

so 

1. A flow control apparatus operatively posittonable 
within a subterranean well, the apparatus compris- 
ing: a valve; a first member interconnected to the 
valve, such that the valve is selectively openable 
ss and closeable by displacement of the first member; 
and a second member having a plurality of ports 
formed therethrough, at least one of the ports being 
selectable by the first member for flow of fluid there- 
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through, fluid flow through the selected one of the 
ports being regulatable by displacement of the first 
member relative to the second member. 

2. Apparatus according to Claim 1 , wherein the first s 
member includes a plurality of openings, one of the 
openings being variably alignable with the selected 
one of the ports to regulate fluid flow therethrough. 

3. Apparatus according to Claim 2, wherein another io 
one of the openings is variably alignable with a cor- 
responding other selected one of the ports to regu- 
late fluid flow therethrough. 

4. Apparatus operatively positionable within a subter- is 
ranean well, the apparatus comprising: a generally 
tubular member having a flow passage extending 
generally axially therethrough, and the member fur- 
ther having first and second spaced apart ports 
formed through a sidewall portion thereof; and a 20 
generally tubular first sleeve externally and slidingty 
disposed about the member, the first sleeve being 
positionable relative to the member in a selected 
one of a first position in which the first sleeve sub- 
stantially prevents fluid flow through the first and 2S 
second ports, a second position in which fluid flow 

is permitted through the first port and substantially 
prevented through the second port, and a third po- 
sition in which fluid flow is substantially prevented 
through the first port and fluid flow is permitted 3o 
through the second port. 



wherein the first sleeve is circumferentiaily aligned 
with the tubular member 

1 1 . Apparatus according to any one of Claims 4 to 1 0, 
wherein the first sleeve is axially displaceable be- 
tween the first, second and third positions. 

12. Apparatus according to any one of Claims 4 to 10, 
wherein the first sleeve is circumferentially dis- 
placeable between the first, second and third posi- 
tions. 

13. Apparatus according to any one of Claims 4 to 10, 
wherein the first sleeve is helically displaceable be- 
tween the first, second and third positions. 

14. Apparatus according to any one of Claims 4 to 13, 
wherein the first sleeve further includes a plurality 
of openings formed through a sidewall portion 
thereof, each of the openings having an inwardly 
extending lip formed on a peripheral edge thereof. 

15. Apparatus according to Claim 14, wherein the lips 
are configured to inhibit erosion of the first sleeve 
when the first sleeve is in the second and third po- 
sitions. 

1 6. Apparatus according to Claim 1 4 or 1 5, wherein the 
lips are configured to inhibit erosion of the tubular 
member when the first sleeve is in the second and 
third positions. 



5. Apparatus according to Claim 4, further comprising 
a housing having an aperture formed through a 
sidewall portion thereof, the housing outwardly sur- 
rounding the member and first sleeve. 

6. Apparatus according to Claim 5, further comprising 
a second sleeve slidingly disposed relative to the 
housing, the second sleeve selectively permitting 
and preventing fluid flow through the aperture. 

7. Apparatus according to Claim 6, wherein the first 
sleeve is cooperatively engageable with the second 
sleeve to displace the second sleeve in response 
to displacement of the first sleeve. 

8. Apparatus according to Claim 7, wherein the sec- 
ond sleeve is lockable against displacement rela- 
tive to the housing in response to cooperative en- 
gagement between the first and second sleeves. 

9. Apparatus according to Claim 6, 7 or 8, further com- 
prising a biasing member, the biasing member bi- 
asing the second sleeve to prevent fluid flow 
through the aperture. 

10. Apparatus according to any one of Claims 4 to 9, 



17. Apparatus according to any one of Claims 4 to 16, 
wherein the first sleeve is further positionable in an 

35 infinite number of positions between the first and 
second positions. 

18. Apparatus according to any one of Claims 4 to 17, 
wherein the member further has a third port formed 

40 through the sidewall portion, and wherein the third 
port is positioned opposite the first port, whereby 
when fluid flows inwardly through each of the first 
and third ports, the fluid flows interfere with each 
other and inhibit erosion of the tubular member 

45 

19. Apparatus according to any one of Claims 4 to 18, 
wherein the first port has a flow area unequal to a 
flow area of the second port. 

so 20. A choke operatively positionable within a subterra- 
nean well and operatively connectable to an actua- 
tor disposed within the well, the actuator having an 
actuator member which is displaceable relative to 
the choke, the choke comprising: a generally tubu- 

ss lar member having first and second spaced apart 
flow ports formed through a sidewall portion thereof; 
and a first sleeve interconnectable to the actuator 
member and displaceable therewith, the first sleeve 
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having first and second spaced apart openings 
formed through a sidewail portion thereof, the first 
sleeve being coaxially disposed relative to the 
member, and the first sleeve being posltionable rel- 
ative to the member in a selected one of a first po- 
sition in which the first opening is generally aligned 
with the first polt. a second position in which the sec- 
ond opening is generally aligned with the second 
port and a third position in which fluid flow through 
the first and second ports Is substantially blocked 
by the first sleeve. 

21 . A choke according to Claim 20. wherein the first and 
second ports are axially aligned, and wherein the 
first and second openings are axially aligned. 

22. A choke according to Claim 21. wherein the first 
sleeve is axially displaceable relative to the mem- 
ber. 

23. A choke according to Claim 20, 21 or 22, further 
comprising a housing having an aperture formed 
through a sidewail portion thereof, the member be- 
ing attached to the housing. 

24. A choke according to Claim 23, further comprising 
a second sleeve displaceable by the first sleeve to 
thereby selectively permit and prevent flukJ flow 
through the aperture. 

25. A choke operattvely posltionable within a subterra- 
nean well, the choke comprising: a generally tubular 
inner cage having a plurality of spaced apart ports 
formed through a sidewail portion thereof; a gener- 
ally tubular sleeve slidingly disposed relative to the 
cage, the sleeve being capable of obstructing fluid 
flow through selected ones of the ports; and a valve, 
the valve being capable of selectively preventing 
and permitting fluid flow through the ports. 

- 26. A choke according to Claim 25. wherein the valve . 
is operable by sliding displacement of the sleeve. 

27. A choke according to Claim 25 or 26, wherein the 
sleeve Includes a plurality of openings formed 
through a sidewail portion thereof. 

28. A choke according to Claim 27, wherein each of the 
openings is selectively alignable with at least one 
of the plurality of ports. 

29. A choke according to Claim 27 or 28, wherein each 
of the openings has an inwardly extending ilp 
formed on a peripheral edge thereof. 

30. A method of controlling fluid flow into a tubing string 
disposed within a subterranean well, the method 
comprising the steps of: attaching an actuator to the 



tubing string; operatively attaching a choke to the 
actuator, the choke being capable of regulating fluid 
flow through a sidewail portion thereof, and the 
choke including multiple sets of trim and a valve; 
5 actuating the actuator to open the valve; actuating 

the actuator to regulate fluid flow through a flrst trim 
set; and actuating the actuator to regulate fluid flow 
through a second trim set. 

10 31. A method according to Claim 30, wherein the step 
of actuating the actuator to regulate fluid flow 
through the flrst trim set further comprises substan- 
tially preventing fluid flow through the second trim 

set. 

IS 

32. A method according to Claim 30 or 31 , wherein the 
step of actuating the actuator to open the valve fur- 
ther comprises locking the valve in an open posi- 
tion, and further comprising the step of maintaining 
20 the valve in the open position during the steps of 
actuating the actuator to regulate fluid flow through 
the flrst trim set and actuating the actuator to regu- 
late fluid flow through the second trim set. 

25 33, A method according to Claim 30, 31 or 32, wherein 
the multiple trim sets are formed on coaxially dis- 
posed tubular members. 

34. A method according to Claim 33, wherein the step 
30 of actuating the actuator to open the valve is per- 
formed by displacing one of the members relative 
to another of the members. 

35. A method according to Claim 33 or 34, wherein the 
35 step of actuating the actuator to regulate fluid flow 

through the flrst trim set is periormed by displacing 
one of the members relative to another of the mem- 
bers. 

40 36. A method of controlling flukJ flow within a subterra- 
nean well, comprising the steps of: operatively In- 
terconnecting an actuator to a choke, the actuator 
having an actuator member which is displaceable 
relative to the remainder of the actuator in a select- 

4S ed one of first and second positions, and the choke 
including a first member interconnectable to the ac- 
tuator member and displaceable therewith, the flrst 
member having first and second openings formed 
therethrough, and a second member having first 

so and second flow ports formed therethrough, the first 
member being displaceable relative to the second 
member; disposing the actuator and choke within 
the well; positioning the actuator member In the first 
position to thereby permit substantially unobstruct- 

ss ed flukJ flow between the first opening and the first 
port; and positioning the actuator member in the 
second position to thereby permit substantially un- 
obstructed fluid flow between the second opening 
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and the second port. 

37. A method according to Claim 36. wherein the choke 
includes a housing having an aperture formed 
through a sidewall portion thereof. 

38. A method according to Claim 37, wherein the choke 
includes a third member capable of selectively per- 
mitting and preventing fluid flow through the aper- 
ture. 

39. A method according to Claim 38, wherein the step 
of positioning the actuator in the first position further 
comprises displacing the third member to thereby 
permit fluid flow through the aperture. 

40. A method according to Claim 39, wherein the step 
of positioning the actuator In the first position further 
comprises locking the third member against dis- 
placement relative to the housing. 

41. A method of controlling fluid flow within a subterra- 
nean well, using a tubular member having a plurality 
of spaced apart ports formed therethrough; a block- 
ing member for selectively obstructing and permit- 
ting substantially unobstructed fluid flow through 
selected ones of the plurality of ports; and a valve 
for selectively preventing and permitting fluid flow 
through the selected ones of the plurality of ports. 

42. A method according to Claim 41 , further comprising 
the step of opening the valve by displacing the 
blocking member relative to the valve. 

43. A method according to Claim 42, wherein the step 
of opening the valve is further performed by displac- 
ing the bkx:klng member relative to the tubular 
member. 

44. A method according to Claim 41 , wherein the block- 
ing member further comprises a plurality of spaced 
apart openings fomned therethrough, and further 
comprising the step of aligning each of the openings 
with a respective one of the ports by displacing the 
blocking member relative to the tubular member. 

45. A choke operatively positk>nable within a subterra- 
nean well, the choke comprising: a generally tubular 
cage having at least one flow port formed through 
a sidewall portion thereof; a generally tubular 
sleeve slidingly disposed relative to the cage, the 
sleeve being variably positionable relative to the 
cage to variably regulate flukj flow through the flow 
port; and a valve, the valve being capable of selec- 
tively preventing and permitting fluid flow through 
the flow port. 

46. A choke according to Claim 45. wherein the valve 



is operable to selectively prevent and permit fluid 
flow through the port by sliding displacement of the 
sleeve. 

5 47. A choke according to Claim 45 or 46, wherein the 
sleeve includes at least one opening formed 
through a sidewall portion thereof. 

48. A choke according to Claim 47. wherein the opening 
10 is selectively alignable with the flow port. 

49. A choke according to Claim 47 or 48, wherein the 
opening has an Inwardly extending Hp formed on a 
peripheral edge thereof. 

IS 

50. A choke according to any one of Claims 45 to 49, 
wherein the sleeve has an outwardly extending lip 
formed on an end thereof. 

20 51- A choke according to any one of claims Claim 45 to 
50, further comprising a biasing device, the biasing 
device being conflgured to bias the valve toward a 
selected one of preventing and permitting fluid flow 
through the flow port. 

25 

52. A choke according to Claim 51 , wherein the biasing 
devk^e Is selectively engageable with the sleeve. 

S3- A choke according to Claim 52, wherein the sleeve 

30 is capable of varying a biasing force exerted by the 
biasing device when the sleeve is displaced relative 
to the cage. 

54. A choke according to any one of Claims 45 to 50, 
35 wherein the sleeve cooperatively engages the 

valve, and locks the valve so that fluid flow is per- 
mitted through the flow port, when the sleeve Is dis- 
placed a predetermined distance relative to the 
cage. 

40 

55. A choke according to Claim 54, wherein the sleeve 
Is conflgured to displace a portion of the valve 
against a biasing force exerted by a biasing device 
on the valve portion when the sleeve Is displaced a 

^ portion of the predetermined distance relative to the 
cage. 

56. A choke according to any one of Claims 45 to 55, 
wherein the sleeve Is substantially free of any blas- 

so ing force applied thereto when the valve prevents 
fluid flow through the flow port. 

57. A choke according to any one of Claims 45 to 55, 
wherein the sleeve Is substantially free of any blas- 
ts ing force applied thereto when the valve permits flu- 
id flow through the flow port and the sleeve is posi- 
tioned relative to the cage In a first position. 
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58. A choke according to Claim 57, wherein the sleeve 
at least partially uncovers the flow port in the first 
position. 

59. A choke according to Claim 57. wherein the sleeve 5 
completely uncovers the flow port in the first posi- 
tion. 

60. A flow control apparatus operatively positionable 
within a subterranean well comprising: a tubular io 
member having a plurality of spaced apart ports 
formed therethrough; a blocking member for selec- 
tively obstructing and permitting substantially unob- 
structed fluid flow through selected ones of the plu- 
rality of ports; and a valve for selectively preventing is 
and permitting fluid flow through the selected ones 

of the plurality of ports. 

61. Apparatus according to Claim 60. wherein the 
blocking member further comprises a plurality of 20 
spaced apart openings formed therethrough, and 
wherein each of the openings can be aligned with 

a respective one of the ports by displacing the 
blocking member relative to the tubular member. 
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